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© A mercapto compound, a high refractive index resin and lens and a process for preparing them. 

© A compound with the formula 



HSCH 2 CH 2 SCH 2 CHCH 2 SH 
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prepared by reacting 

HOCH 2 CH 2 SCH 2 CH CH 2 SCH 2 CH 2 OH (II) 



with thiourea 
in the presence 
compound. 

A polythiourethane resin can 



of°a H mineral acid, and by hydrolysing the reaction mixture with a base to form the mercapto 
be prepared from this mercapto compound and can be used to make lenses. 
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A MERCAPTO COMPOUND, A HIGH REFRACTIVE INDEX RESIN AND LENS AND A PROCESS FOR 

PREPARING THEM 

The present invention relates to a mercapto compound, a process for preparing a mercapto compound, 
a process for preparing a polythiourethane base resin containing the mercapto compound, and a process 
for preparing plastic lenses containing the resin. The mercapto compound of the invention is useful as a 
cross-linking agent, a hardener for epoxy resin, a vulcanizing agent, a polymerization modifier, a raw 
s material of plastic resin, an antioxidant, a metal complex forming agent, a biochemical agent and a 
lubricating oil additive. 

A resin presently widely used for plastic lenses is a radical polymerization product of diet-hyleneglycol- 
bis(altylcarbonate) (hereinafter abbreviated as DAC). The resin has good impact resistance, is lightweight, 
has prominent dye affinity, good machinability, and cutting and polishing ability. However, lenses prepared 

w from the resin have a lower refractive index (n D = 1.50) than inorganic lenses (n D = 1.52) have, in order to 
obtain equivalent optical properties as glass lenses, the center thickness, peripheral thickness and curvature 
of the lens must be increased, which results in a thick lens. 

Other resins useful in preparing plastic lenses having good refractive indexes are polyurethane base 
resins obtained by reacting isocyanate compounds with hydroxy I compounds such as diethylene glycol 

f 5 (Japanese Patent Laid-Open No. 136601/1982, U.S. Patent No. 4,443.588), with halogen containing hydroxyl 
compounds such as tetrabromobisphenol-A (Japanese Patent Laid Open No. 164615/1983), with sulfur 
containing hydroxyl compounds (Japanese Patent Laid-Open Nos. 194401/1985 and 217229/1985. U.S. 
Patent Nos. 4,680.369 and 4,780.522), and with polythiol compounds (Japanese Patent Laid-Open Nos. 
199016/1985, 267316/1987. and 46213/1988. U.S. Patent No. 4.689,387). However, the lenses prepared 

20 from these resins exhibit unsatisfactory refractive indexes, although the indexes of these lenses are better 
than those of lenses prepared from DAC. Further, since these resins are prepared from compounds 
containing many halogen atoms or aromatic rings to improve the refractive index, lenses containing these 
resins have disadvantages such as large dispersion of refractive index, poor weatherability and high specific 
gravity. 

Since the indexes of the above lenses are unsatisfactory, and problems in heat resistance during 
processing such as dyeing, coating and the like exist, and since sulfurous odors of sulfur compounds 
employed in the prior art may affect the operators' health at the time of preparing lenses, further improved 
resin compositions are desired. 

The present invention may ameliorate or overcome one or more of the problems and disadvantages of 
prior art resins by providing a novel mercapto compound, a polythiourethane resin containg the mercapto 
. compound, plastic lenses comprising the resin, and processes for producing them. 

An object of the inventionis to provide a novel mercapto compound having insensible sulfurous odor. 
It is desirable to provide a process to prepare the mercapto compound reacting a glycerin derivative or 
a epihalohydrin with 2-mercapto ethanol to get an triol, and reacting the alcohol with a thiourea to form the 
35 mercapto compound. 

It is also desirable to provide a colorless and transparent polythiourethane base resin having a high 
refractive index and low dispersion of refractive index which is suitable for use in producing a lens that is 
lightweight, excellent in weatherability and exhibits high impact and heat resistance. 

It is also desirable to provide a polythiourethane base lens having high accuracy in the profile of surface 
40 and excellent optical properties. 

Additional desiderata and advantages of the invention will be set forth in part in the description which 
follows, and in part will be obvious from the description, or may be learned by practice of the invention. The 
desiderata and advantages of the invention will be realized and attained by means of the instrumentalities 
and combinations, particularly pointed out in the appended claims. 
45 The invention provides a mercapto compound of the formula (I) and a process for preparing same 

HSCH 2 CH 2 SCH 2 CHCH 2 SH 

SCH 9 CH 9 SH (I) 

comprising reacting a thio compound with a triol compound of the formula (II) or (III) 
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HOCH2CH 2 SCH 2 CHCH 2 SCH 2 CH 2 OH (H> 
OH 

HOCH 2 CH 2 SCH 2 CHCH 2 OH (III) 
SCH 2 CH 2 OH 

The invention also provides for a polythiourethane base resin comprising reacting the mercapto 
compound of the formula (I) with one or more ester compounds selected from the group consisting of 
polyisocyanate compounds, polyisothiocyanate compounds and isothiocyanate compounds having 
isocvanato groups and a process for producing the resin. ■ 

The present invention further provides a lens comprising the resin and a process for producing the lens 
containing the resin of the invention comprising forming a mixture of the mercapto compound of the formula 
(I) and one or more ester compounds selected from the group consiting of polyisocyanate compounds, 
polyisothiocyanate compounds and isothiocyanate compounds having isocyanate groups, pouring the 
mixture into a mold and polymerizing the mixture to form a lens. 

Reference will now be made in detail to embodiments of the invention. 

The mercapto compound of the formula (I) can be prepared by reacting a thio compound with the tnol 
compound of the formula (II) or <■>■> to substitute three hydroxy groups of the triol compound for three 
mercapto groups. The reaction can be carried out by known hydrolysing methods such as alkali hydrolysis 
after reacting the triol compound with thiourea in mineral acid. In these circumstances, rearrangement 
between -OH and -SCH 2 CH 2 OH of formula (II) takes place to form the mercapto compound represented by 

formula (I). 

The triol compound of the formula (II) 
HOCH 2 CH 2 SCH 2 CH CH 2 SCH 2 CH 2 OH (II) 

can be prepared by°reacting a glycerol derivative or epihalohydrin with 2-mercaptoethanol. . 

Further the triol compound of the formula (III) can be prepared by a reaction 2-mercapto ethanol with a 
glycerine derivative such as 2.3-dibromo-1 -propanol. Q ^. hl( ,„ h „ Hrin 

For example, the mercapto compound of formula (I) can be prepared by adding epichlorohydrin 
dropwise into an aqueous solution or a lower alcohol, e.g. methanol or ethanol. soUjjon oontanmfl I 2- 
mercaptoethanol and a base. In this instance, a reaction temperature between 0 C to 120 C is prefe rabte 

ILrcaptoethanol is needed more than 2 molar equivalent for epichlorohydrm. and preferably in a 

ran9 Lemplary suitable base includes a metal hydroxide such as sodium or potassium hydroxide, a metal 
carbonate such as sodium or potassium carbonate and a tertiary amine such as triethylam.ne °J tobutyl 
amine. Sodium hydroxide is most preferably used because of its inexpensinveness and enough reactivity In 
molar amounts of more than moles of epichlorohydrin but of less than moles of 2-rnercaptoe toanoL 

To avoid coloring on reactant. the above synthesis is suitably carried out by two steps. For exarnplejrt 
first epichlorohydrin is added dropwise into an aqueous or a lower alcoholic such as of memanol or e*ano. 
solution which contains one to three molar equivalent of 2-mercaptoethanol for epich.oroh ydnn and catalytic 
amount, preferably 0.001 to 0.1 molar equivalent, of the base to get a diol compound of formula (IV). 
HOCH 2 CH 2 SCH 2 CH CH 2 CI (IV) 

and then 2-mercap°oethanol and the base added to the resulted reactant. respectively to react . two ^to ftree 
and one to two molar equivalent including their respective amounts used at first step to get the triol of 

formula (II) in second step. u ' d n »» sn*r Whpn the 

Reacting temperature at first step When strong base is used, is preferable at 0 to 50 C. When ^ he 
temperaLe exceeds 50* C. catalytical base acts to form the triol from the diol. and reduces the .yield ^of the 
diolTcase that of tertiary amine is used at first step, no such a problem arise at a temperature of 50 to 

120 Resulted triol compound of formula (II) is reacted with at least three, preferably three fc . six. molar 
equivalent of thiourea, in an mineral acid aqueous solution containing at least three, preferably three to 

twelve, molar equivalent at a temperature of room to refluxing. huriroio di C 

Exemplary mineral acid used in above case includes hydrochlonc acid. hydrobrom,c acid, hydroiodic 
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acid, sulfuric acid and phosphoric acid. 

Hydrochloric acid is preferable because of enough reaction velocity and avoiding coloring on product. 
Following hydrolysis is carried out by bringing the above resulted reactant to alkali with a metal 
hydroxide, such as sodium hydroxide, potassium hydroxide, ammonia or a amine, such as triethyl amine, in 
amount of at least three, preferably three to twelve, molar equivalent at a temperature of room to refluxing. 
When adding those alkali to resulted reactant. a temperature of 0 to 50° C is suitable not to cause coloring. 

The thus produced mercapto compound of formula (I) is purified after extracting by an organic solvent 
such as toluen by common methods such as washing by acid and water, condensation or filtration, and 
further distillation is also applicable. 

Although the above all steps may practise in air, all steps are suitably practised under nitrogen 

atmosphere. 

The polythiourethane base resin of the present invention is prepared by reacting the mercapto 
compound of the formula (I) with one or more ester compounds selected from the group consisting of 
polyisocyanate compounds, polyisothiocyante compounds and isothiocyanate compounds having 
;5 isocyanato groups. 

Exemplary suitable compounds useful as the polyisocyanate compound in the process of the invention 
include aliphatic polyisocyanate compounds such as ethylene diisocyanate. trimethylene diisocyanate. 
tetramethylene diisocyanate, hexamethylene diisocyanate. octamethylene diisocyanate, nonamethylene 
diisocyanate, 2,2 -dimethylpentane diisocyanate, 2.2,4~trimethylhexane diisocyanate, decamethylene 
20 diisocyanate. butene diisocyanate, 1 ,3-butadiene-l ,4-diisocyanate, 2,4.4-trimethylhexamethylene 
diisocyanate, 1 ,6,1 1 -undecane triisocyanate, 1 ,3,6-hexamethylene triisocyanate, 1 ,8-diisocyanato-4- 
isocyanatomethyloctane. 2,5,7-trimethyM ,8-diisocyanato-5-isocyanatomethyloctane, bis(tsocyanatoethyl)- 
carbonate, bis(isocyanatoethyl)ether, 1 .4-butyleneglycol dipropylether-«,« -diisocyanate, lysine 
diisocyanatomethyl ester, lysine triisocyanate, 2-isocyanatoethyl-2.6-diisocyanato hexanoate. 2- 
25 isocyanatopropyl-2,6-diisocyanato hexanoate, xylylene diisocyanate, bis(isocyanatoethyl)benzene, bis- 
(isocyanatopropyl)ben2ene, a,a.a\a'-tetramethylxylylene diisocyanate, bis(isocyanatobutyl)benzene, bis- 
(isocyanatomethyl)naphthalene, bis(isocyanatomethyl)di phenyl ether, bis(isocyanatoethyl)phthalate, 
mesitylylene triisocyanate and 2,6-di(isocyanatomethyl)furan; alicyclic polyisocyanates such as isophorone 
diisocyanate, bis(isocyanatomethyl)cyclohexane, dlcyclohexylmethane diisocyanate. cyclohexane 
diisocyanate,methylcyclohexane diisocyanate, dicyclohexyidimethylmethane diisocyanate, 2.2 -dimethyld- 
icyclohexylmethane diisocyanate. bis(4-isocyanato-n-butylidene)pentaerythritol, dimer acid diisocyanate, 2- 
isbcyanatomethyl-3-(3-isocyanatopropyl)-5-isocyanatomethyl-bicyclo-(2,2,1)-heptane, 2-isocyanatomethyl-3- 
(3-isocyanatopropyl)-6-isocyanatomethyl-bicyclo(2,2,l)-heptane, 2-isocyanatomethyl-2-(3-isocyanatopropyl)- 
5-isocyanatomethylbicyclo-(2,2.1)-heptane, 2-isocyanatomethyl-2-(3-isocyanatopropyl)-6-isocyanatomethyl- 
bicyclo(2,2,1)-heptane, 2-isocyanatomethyl-3-(3-isocyanatopropyl)-5-(2-isocyanatoethyl)-bicyclo-(2,2.1)-hep- 
tane. 2-isocyanatomethyl-3-(3-isocyanatopropyl)-6-(2-isocyanatoethyl)-bicyclo-(2,2,1)-heptane, 2- 
isocyanatomethyl-2-(3-isocyanatopropyl)-5-(2-isocyanatoethyl)-bicyclo-(2.2,1)-heptane and 2- 

isocyanatomethyl-2-(3-isocyanatopropyl)-6-(2-isocyanatoethyl)-bicyclo-(2.2,1)-heptane; and aromatic 
polyisocyanates such as phenylene diisocyanate. tolylene diisocyanate, ethylphenylene diisocyanate, isopro 
pylphenylene diisocyanate, dimethylphenylene diisocyanate, diethylphenylene diisocyanate, diisopropyl- 
phenylene diisocyanate, trimethylbenzene triisocyanate, benzene triisocyanate, naphthalene diisocyanate, 
methylnaphthaiene diisocyanate. biphenyl diisocyanate. tolidine diisocyanate, 4.4 -diphenylmethane 
diisocyanate. S.S-dimethyidiphenylmethane^^'-diisocyanate, bibenzyl-4.4 -diisocyanate. bis- 
(isocyanatophenyl)ethylene. S^'-dimethoxybiphenyl^^'-diisocyanate, triphenylmethane triisocyanate, poly- 
ps meric MDI, naphthalene triisocyanate, diphenylmethane-2.4,4'-triisocyanate. 3-methyldiphenylmethane- 
4.6.4'-triisocyanate. 4H7iethyl-diphenylmethane-3,5,2.4 ,6-pentaisocyanate, phenylisocyanatomethyl 
isocyanate. phenylisocyanatoethyl isocyanate. tetrahydronaphthylene diisocyanate, hexahydrobenene 
diisocyanate. hexahydrodiphenylmethane-4.4'-diisocyanate, diphenyl ether diisocyanate, ethylene glycol 
diphenyl ether diisocyanate, 1 ,3-propylene glycol diphenyl ether diisocyanate, benzophenone diisocyanate. 
diethylene glycol diphenyl ether diisocyanate. dibenzofuran diisocyanate, carbazole diisocyanate, ethylcar- 
bazole diisocyanate and dichlorocarbazole diisocyanate; sulfur containing aliphatic polyisocyanates such as 
thiodiethyl diisocyanate. thiodipropyl diisocyanate, thiodihexyl diisocyanate, dimethyl sulfone diisocyan ate. 
dithiodimethyl diisocyanate. dithiodiethyl diisocyanate, and dithiodi propyl diisocyanate; sulfide linkage 
containing aromatic polyiusocyanates such as diphenylsulfide-2,4 -diisocyanate. diphenylsulfide-4,4 - 
diisocyanae, S.s'-dimethoxy-^'-diisccyanatodibenzyl thioether, bis(4-isocyanatomethylphenyl)sulfide. and 
4,4-methoxyphenylthioethyleneglycol-3,3'-diisocyanate; disulfide linkage containing aromatic 
polyisocyanates such as diphenyldisulfide-4,4 -diisocyanate, 2.2 -dimethyldiphenyldisulfide-5,5 - 
diisocyanate, S.s'-dimethyldiphenyldisulfide-B.s'-diisocyanate. 3,3 -dimethyldiphenylsulfide-6.6 -dii- 
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socyanate, 
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4.4'Kr.methyldiphenyldisulfi<Je-5.5-diisocyanate. 3.3 ^.methoxyd.phenyld.sulfide^ 4 
diisocvanate and 4 4'-dimethoxydiphenyldisulfide-3,3 -diisocyanate: sulfone l.nkage containing aromatic 
ootTsoSanates such as aiphe^ylsuIfone-M'-diisocyanate. diphenylsulfone-3 3 -dusocyanate 
EeSS alphenylmethanesulfone^.V-diisocyanate. 4-methyld,phenylsu fone-2 

6 VSSSZ SIX-d phenylsuLe-a^-diisocyanate. 3.3-dimethoxy-4,4 ^isoc^anatodibenzyl 
sulfone 4^^^^ 4,4-dHert-buty.d.pheny sulfone-3.3 jmrm 

4?methYxy^ 

sulfonic acid ester linkage containg aromatic polyisocyanates such as ^methyl-S-socyanatophenylsulfonyl- 
4Wn^topheno; esL and 4 9 -m e thoxy-3-isocyanato P heny.sulfonyi-4 ^T^T'^SIJSS'- 
,o amide "inkage containing aromatic polyisocyanates such as 4-methyl-3-.sc ? yan«ophenyisu tf onylan I l,d^3 
mrthvi-4'-isocvanate diphenylsulfonylethylenediamine-4,4 -dusocyanate. 4.4 

meSxyp^ 

^S^^an^hi containing heterocyciic compounds such as thiophene-2,5-d„socyanate; and 1 ,4- 

^ t addShaCn-substituted compounds such as chiorine-substituted and bromine-substituted com- 
pou £ f y«.ad compounds, alicoxy-substituted compounds ^substitutec ^^0^3- 
tent alcohol-modified prepolymer type compounds. carbodiimido-mod.f.ed compounds urea Hmxbfied com 
poundrwu^odified compounds of the above polyisocyanate compounds, and products of d-menzat.on 
anri trim*>ri?ation reactions of these polyisocyanate compounds may be employed. 

ExTmS suSe po^isothiocyanate com pounds useful in the process of invention include such 
compound! ng two o'r more functional isothiocyanato groups in the molecule, and may dso ^contain a 
suZ atom, such as aliphatic polyisothiocyanate compounds, tor example. 1 ,2-Ousoth.ocyanatoethane. 1.3 

b™r«»t*r,.Xllyl). V4'-«.s<,«oo»»,«ot e „ 2 op te n«» 4.4 ^^^^ntltST 
K Z1 o h^aninde-3 4^liisothiocvanate. diphenylether-4,4 -diisothiocyanate. diphenylamine 4,4 

carbonylisothiocyanates such as hexanedioyldiisothiocyanate. nonane J^^SS^T^- 
oHsothiocyanate 1 ,3-benzenedicarbonyl diisothiocyanate, i.4-benzened,carbonyid..soth,ocyanate. (2.4 

""e^^ as a polyisothiocyanate compound containing a, least two 

isothSato g w a^at^ onL sulr atom in the process of the invention inc.ude 
.sothiocyanara groups 8UCh a s thiobis(3-isothiocyanatopropane), thiobis(2- 

oouL .H?sucISd compounds, s.koxy-subsptuted compounds. niw«uos«to»d compooods^o*»a. 

flon and trimeriation reactions of these polysiothiocyanate compounds may be employed- 

Exemolarv suitable compounds useful as isothiocyanate compounds havmg .socyanato groups .n the 

„ ~^;pr^^ 

alkyP- suLtuwd compounds. and altoxy-substiluted compounds. nitm-subsMutad compounds, pply.al.nl 
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alcohol-modified prepolymer type compounds, carbodiimido-modified compounds, urea-modified com- 
pounds, biuret-modified compounds of the above isothiocyanate compounds, and products of dimenzation 
and trimerization reactions of these isothiocyanate compounds may also be employed. 

The ester compounds may be used alone or in combination as a mixture. The proportion of the ester 
s compounds to the mercapto compound of the formula (I) is a mole ratio of from about 0.5 to about 3.0 
moles of functional (NCO + NCS) group per mole of functional mercapto group, preferably from about 0.5 to 
about 1.5 moles of functional (NCO + NCS) group per mole of functional mercapto group. 

In the plastic lens of the present invention, an S-alkyl thiocarbamic acid ester resin or a dithiourethane. 
resin may be employed as a raw material, and therefore in the lens an S-alkyl thiocarbamic acid ester bond 
w is present between an isocyanato group and a mercapto group, or a dithiourethane bond is present between 
an isothiocyanato group and a mercapto group. However, the plastic lens of the invention may also contain 
an allophanate bond, a urea bond, or a biuret bond. For example, it may be desirable to further react the 
isocyanato group with the S-alkyl thiocarbamic acid ester bond, or to react the isothiocyanato group with the 
dithiourethane bond to increase the cross-link density. Such a reaction may be carried out at a temperature 
75 of at least 100°C and the isocyanato or isothiocyanato component should be used in an excess amount. 
Alternatively, an amine compound or the like may also be used to produce a urea bond or a biuret bond. 
When the isocyanate compound and/or isothiocyanate compound is reacted with a compound other than 
the mercapto compound, attention should be paid to coloring. 

Various additives may be added to the above raw materials. Exemplary suitable additives include an 
20 internal mold releasing agent, a chain extender, a cross-linking agent, a light stabilizer, an ultraviolet 
absorber, an anti-oxidant, an oil-soluble dye and a filler. 

The reaction rate may be adjusted to a desired level by adding a known reaction catalyst useful in the 
manufacture of a polyurethane. 

The plastic lens of the present invention can be prepared by cast polymerization. A mercapto 
compound of the formula (I) and one or more ester compounds are mixed to form a mixture. The mixture is 
then poured into a mold, degasified if necessary, followed by polymerization. To facilitate releasing the lens 
from a mold after polymerization, the mold can be treated with a known release method. 

The resin of the present invention does not give workers an unpleasant feeling from sulfurous odors of 
its monomers during treating, and during and after processing. 

The resin has a very low dispersion property, a high refractive index, is excellent in heat resistance and 
is colorless and transparent. The resin is also lightweight, has excellent weatherability and impact 
resistance 

The resin is suitable for use as optical element material such as eyeglass lenses and camera lenses, 
and for glazing materials, paint and bonding materials. 

Moreover, the plastic lenses of the present invention can be subjected to physical and chemical 
treatment such as surface abrasion treatment, anti-static treatment, hard coat treatment, non-reflective coat 
treatment, coloring treatment and dimming treatment for prevention of reflection, enhancement of hardness, 
improvement of abrasion resistance and chemical resistance, prevention of turbidity, supply of fash.onabil- 
ity, and the like. 

The invention will be further described and clarified by the following examples and comparative 
examples which are. intended to be purely exemplary of the invention. 

The performance tests, of the resins and lenses, specifically the tests of refractive index. Abbes 
number, weatherability. appearance and odor were carried out by the following procedure: 
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Refractive index and Abbe's number: 

Measured at 20* C with a Pulfrich refractometer. 



50 

Weatherability: 



A lens resin was set in a weatherometer equipped with a sunshine carbon arc lamp. The lens was taken 
out after 20 hours and its hue was compared with that of a lens resin before the test. Evaluation was 
55 classified into no change (0). slight yellowing (A), and yellowing (X). 



Appearance: 
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Evaluation was conducted by visual observation. 
Odor: 

Evaluation has classified into little smelling (0), slight smelling (A) and strong smelling (X) of sulfurous 
odor upon mixing the monomer. 



70 



75 



Heat resistance: 

Test pieces were separately heated at a rate of 2.5*C/min under a load of 5 g by means of a 
-The^LXica! Analyzer" (manufactured by PerKin-Elmer Company. U.S.A.) to measure the.r heat- 
distortion starting temperatures. 



Example 1_ 
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20 Synthesis of the mercapto compound of formula (I): 

53 2 g (0 681 mol) of 2-mercapto ethanoi and 27.2 g (0.680 mol) of sodium hydroxide iwere dissolved lin 
200 ml I of Shanoi and homogenized. 30.0 g (0.324 mo.) of epichlorohydrin were added dropw.se to the 

^LtSret": ^£T£SZ!™%V™ "ho£. The reaction mixture was coo.ed at room 
•nJSJHS^TSS^Z of hydroch.oric acid (36%) were added to form a precipitate. 

was separated by filtration with suction. The filtrate was concentrated ^ reduced pressure 
and 70.6 g of i,3-Ws(2-hydroxyethylthio)-2-propanol (formula (II) compound) were obtained as a colorless 

^T^dTwas dissolved in 203 g (2.00 mo.) of hydrochloric aqueous solution (36%) and 92* g (1.22 
mnh of thiourea were added to the solution. The solution was heated and stirred for six hous at 110 C. 
^'rS^Slfd to room temperature, and 195 g (2.44 mo.) * ^J*^ 80 * aqUS0US 
solution were added while keeping at 20 to 40* C, "eated and s« ^^^^J^ 

The solution was cooled to room temperature and 100 ml of toluene were aaoea xor ^P a "»" y 
extrartfon ThHoSe phase was washed with 100 ml of hydrochloric acid 5% aqueous solution and w.th 
100 ml of water two times. The toluene solution obtained was dried by anhydrous sod.um sufiate. ^75* g 
(S>» moiroriSis(2-mercaptoethylthio)-3^ercaptopropane (formula (I) compound) were obta.ned as a 
colorless and viscous liquid (APHA 15) after concentration. 

Results of elemental analysis and NMR analysis are as follows: 



35 
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Elemental analysis (as CyHieSs): 




C 


H 


S 


Found {%) 
Calculated (%) 


32.12 
32.27 


6.19 
6.19 


61.69 
61.53 



'H NMR analysis (in CDCLa): 

50 5ppm = 

1.74- 1.91 (m, 3H.-SH) 
2.70 - 3.00 (m. 13H, CH) 
NMR (in CDCia) 

5ppm = 

55 24.7 -S-CH 2 CH 2 SH 
24.9 -S-CH 2 CH 2 SH 
28.6-S-CH2 CH CH 2 SH 

S- 
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35.4 -SCH2CH2SH 

36.0 -SCH2CH2SH 

36.8 -SCH 2 CH CH 2 SH 
- I 
S- 

48.7 -SCH 2 C CH2SH 
I 



10 Example 2 

88.7 g (1.14 mol) 2-mercapto ethanol were added dropwise into 50.4 g (0.567 mol) of sodim hydroxide 
aqueous solution (45%) and homogenized. 50.5 g (0.546 mol) of epichlorohydrin were added dropwise to 
the homogenized solution extending over 1.5 hours, then kept at 112* C for 0.5 hours with stirring. 
75 ' After the reaction mixture cooled to room temperature, 270 g of concentrated hydrochloric acid (36%. 
2.66 mol) and 154 g (2.02 mol) of thiourea were added to the mixture, and stirred for 1.5 hours at 112 C. 

288 g of aqueous sodium hydroxide (45%, 3.24 mol) was added while keeping at 20 to 35 C dropwise 
to the reaction mixture extending for 0.5 hours, and then stirred at 110* C for 1.5 hours. 

The reaction mixture was then cooled at room temperature. 200 ml of water and 250 ml of toluene were 
20 added for separatory extraction. The toluene phase was washed with 50 ml of hydrochloric acid (36%) and 
with 200 ml of water three times, then concentrated in vacuo and distilled (b.p 185 - 205 C/0.4 Torr) and 
105.8 g (0.406 mol) of 1,2-bis(2-mercaptoethylthio)-3-mercapto propane (Formula (I) compound) were 
obtained as a viscous liquid (APHA 10). 

Results of elemental analysis and NMR analysis were same as of Example 1. 
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Example 3 

84.4 g (1.08 mol) of 2-mercapto ethanol were added to 0.8 g (0.001 mol) of 48.7% sodium hydroxide 
30 and homogenized, and then 50.0 g (0.540 mol) of epichlorohydrin was added to the solution dropwise below 
40* C extending over 0.5 hours, further kept the mixture stirring for 0.5 hours. 

44.4 g (0.541 mol) of aqueous sodium hydroxide (48.7%) were added dropwise to the reaction mixture 
extending for 0.5 hours, and cooled with stirring to room temperature for 0.5 hours, 313 g (3.09 mol) of 
hydrochloric acid (36%) and 123.4 g (1.62 mol) of thiourea were added to the reaction mixture and stirred 
35 1.5 hours at 112° C. 

After cooling to room, temperature. 254 g (3.09 mol) of. aqueous sodium hydroxide (48.7%) was added 
to the reaction mixture at a range of temperature 25 to 35 °C. then stirred and heated at 110 C for 1.5 
hours. 

The reaction mixture was cooled to room temperature and 150 g of water and 180 g of toluene were 
40 added for separatory extraction. The toluene phase was washed with 150 g of hydrochloric acid (18%) and 
with 30 ml of water three times, then concentrated and distilled in vacuo (120 C/2 Torr. 2 hours) followed 
by a filtration with a filter (one micron pore size) to get 129 g (0.495 mol) of 1 ,2-bis(2-mercaptoethylthio)-3- 
mercaptopropane (formula (I) compound) as a viscous liquid (APHA 10). 

Results of elemental analysis and NMR analysis were same as of Example 1. 
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Example 4 

84.4 g (1.08 mol) of 2-mercaptoethanol was added to 1.0 g (0.005 mol) of tributylamine. and 50.0 g 
(0.540 mol) of epichlorohydrin was added dropwise to the solution extending over 0.5 hours, and stirred 
further for 0.5 hours. 

Then while cooling the mixture to a range of 40 to 70 C. 44.4 g (0.541 moi) of aqueous sodium 
hydroxide (48.7%) was added extending over 0.5 hours dropwise into the mixture. 

After stirring for 0.5 hours, the mixture was cooled to room temperature and 313.1 g (3.09 mol) of 
hydrochloric acid (36%) and 123.4 g (1.62 mol) of thiourea, were added to the mixture then stirred for 1.5 
hours at 112° C. 

The reaction mixture was then cooled at room temperature, 254 g (3.09 mol) of aqueous sodium 
hydroxide (48.7%) was added while keeping at 25 to 35* C and stirred at 110* C for 1.5 hours. 
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Again after cooled the reaction mixture to room temperature, 150 ml of water and 180 ml of Joknm 
were added for separatory extraction. The toluene phase was washed with 150 g of hydrochlonc acid (18%) 
and with 30 g of water three times, then concentrated and distilled in vacuo (120 C/2 Torr, 2 "ours), 
followed by a filtration with a filter (one micron pore size) to get 125 g (0.480 mol) of 1.2-bts(2- 
mercaptoethythio)-3-mercaptopropane (formula (I) compound) as a viscous liquid (APHA 10) 

Results of elemental and NMR analysis were same to as Example 1. 



w 



IS 



20 



25 



Example 5 

44 4 g (0 541 mol) of aqueous sodium hydroxide (48.7%) were added to a mixture of 84.4 g (1.08 mol) 
of 2-mercapto ethanol with 50.0 g (0.540 mol) epichlorohydrin. at a range between room temperature to 
60 "C extending over one hour, further stirred the mixture at 80 C for 0.5 hours. 

After cooling to room temperature, 313 g (3.09 mol) Of hydrochloric acid (36%) and 123.4 g (1.62 mol) 
of thiourea were added to the reaction mixture and stirred at 1 12 C for 1 .5 hours. 

The reaction mixture was cooled again to room temperature, and 254 g (3.09 mol) of aqueous sodium 
hydroxide (48.7%) was added to the reaction mixture at a range of 25 C to 35 C. and stirred at 1 10 C for 

1 ' 5 AfteT'cooling to room temperature, 150 g of water and 180 g of toluene were added to the reaction 
mixture for separatory extraction. The toluene phase was washed with 150 g of hydrochloric acid (18%) and 
with 30 g of water three times, then concentrated and distilled in vacuo (120 C/2 Torr. 2 hours), filtered by 
a filter (pore size one micron) to get 122 g (0.468 mol) of 1 ^-bis(2-mercaptoethyHhio)-3-mercaptopropane • 
(Formula (I) compound) as a viscous liquid (APHA 15), with the same elemental and NMR analysis data of 
Example 1 . 



Example 6 

735 g (1.50 mol) of sulfuric acid (20%) substituted for 270 g (2.66 mol) of hydrochloric acid (36%) in 
30 Example 2.^^ ^ ^ ^ ^ ^ 0 f i ,2.bis-(2-mercaptoethylthio)-3-mercaptopropane (Formula (I) com- 
pound) with the same data on elemental and NMR analysis of Example 1. 

35 Example 7 ■ 

327 g (1.00 mol) of phosphoric acid (30%) substituted for 270 g (2.66 mol) of hydrochloric acid (36%) 

E i00 g e (0.384 mol) of l,2-bis-(2-mercaptoethytthio)-3-mercaptopropane (Formula (I) compound) resulted 
40 with the same data on elemental and NMR analysis of Example 1. 



Example 8 

45 53 2 g (0.681 mol) of 2-mercaptoethanol and 27.2 g (0.680 mol) of sodium hydroxide were dissolved 

into 200 ml of ethanol and homogenized. 70.0 g (0.324 mol) of 2.3-dibromo-1-propanol were added 

dropwise to the ethanol solution while keeping an inner temperature of 15 C. 

The mixture was heated to 50* C and stirred for one hour, followed by a cooling to room temperature to 

form a precipitate. The salt precipitated was separated by filtration with suction. The filtrate was con- 
so Smrated under reduced pressure and 71.3 g of a mixture of 1 ^(2-^^^^ 

(Formula (II) compound) with l.2-bis-(2-hydroxyethylthio)-3-propanol (Formula (III) compound) as a colorless 

^ T^m^'was dissolved in 203 g (2.00 mol) of hydrochloric acid (36%) and 92.6 g (1 22 mol) of 
thiourea were added to the solution. The solution was cooled to room temperature, and 195 g "»0 <J 
55 sodium hydroxide 50% aqueous solution were added while keeping at 20 to 40 C. heated and stirred for 30 

m ' n, Se a solu«on C was cooled to room temperature and 100 ml of toluene were added for separatory 
extraction. The toluene phase was washed with 100 ml of hydrochloric acid 5% aqueous solution and w.th 
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100 ml of water two times. The toluene solution obtained was dried by anhydrous sodium sulfate. 
(0.290 mol) of i,2-bis(2-mercaptoethylthio)-3-mercaptopropane (Formula (I) compound) were obtain* 
colorless and viscous liquid (APHA 15) after concentration. 

Results of elemental analysis and NMR analysis are as follows: 



Elemental analysis (as C7H16S5): 




C 


H 


S 


Found (%) 


32.14 


6.17 


61.69 


Calculated (%) 


32.27 


6.19 


61.53 



NMR analysis (in CDCI3): 

75 5ppm = 

1.74-1.91 (m, 3H, -SH) 
2.70 - 3.00 <rn, 13H. CH) 
13 C NMR (in CDCb) 

5ppm = 
20 24.7 -SCH2CH2SH 
24.9 -SCH2CH2SH. 
28.6 -SCH 2 <pH CH 2 SH 
S- 

35.4 -SCH2CH2SH 
25 36.0 -SCH2CH2SH 

36.8 -SCH 2 CH CH 2 SH 
S- 

48.7 -SCH 2 CH CH2SH 
S- 

30 



Example 9 



35 



40 



A mixture of 87 g of the compound obtained in Example 1 and 94 g of m-xylylene diisocyanate were 
homogenized and were poured into a mold composed of a glass mold and gasket, and then were heated 
and cured. The resin produced was colorless and transparent, excellent in high impact resistance had a 
refractive index no20 of 1.66 and Abbe's number , D of 33 and a heat distortion starting temperature of 
98* C. 



Examples 10-28 and Comparative Examples 1 to 11_ 

Following the procedure of Example 9, lenses were prepared in composition ratios shown in Table 1. 
45 The results of performance tests are set forth in Table 1. 
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Claims 

1 . A mercapto compound of the formula (I) 



20 



HSCH 2 CH 2 SCH 2 CHCH 2 SH ( I ) 

SCH 2 CH 2 SH 



2. A process for preparing the mercapto compound of the formula (I) comprising reacting thiourea and a 
;5 triol compound of the formula (II) 



HOCH2CH2SCH2 CH CH2SCH2CH2OH (II) 



in the presence of a H mineral acid, and hydrolysing the reaction mixture with a base to form the mercapto 

compound. ^ . „ 

3. A process for preparing the mercapto compound of the formula (I) comprising reacting thiourea and a 

triol compound of the formula (III) 



HOCH 2 CH ^CH 2 CHCH 2 OH 
25 SCH 2 CH 2 OH (III) 

in the presence of a mineral acid, and hydrolysing the reaction mixture with a base to form the mercapto 

compound. . , . 

30 4 A process for preparing the mercapto compound of formula (I) comprising getting the triol compound 
of formula (II) by reacting epihalohydrin with 2-mercapto ethanol in the presence of a base, reacting the triol 
compound with thiourea in the presence of a mineral acid and hydrolysing the reactant with a base to form 
the mercapto compound. 

5 The process of claim 4 wherein the epihalohydrin is epichlorohydrine. 

35 6 A process for preparing the mercapto compound of the formula (I) comprising getting a mixture of 
triol compounds of the formula (II) and (III) by reacting 2,3-dihalogeno-l-propanol with 2-mercaptoethanol in 
the presence of a base, reacting the mixture with thiourea in the presence of a mineral acid and hydrolysing 
the reactant with a base to form the mercapto compound. 

7 The process of claim 6 wherein the 2,3-dihalogeno-l-propanol is 2,3-dibromo-l-propanol. 

40 8 A process for preparing the mercapto compound of the formula (I) claimed in claim 5 comprising 
reacting one chemical equivalent of epichlorohydrin with one to three chemical equivalent of 2-mercap- 
toethanol in the presence of 0.001 to 0.1 chemical equivalent of a base to form a diol of formula (IV) 
HOCH2CH2SCH2 CH CH2CI (IV) 



50 



I 

45 reacting the diol with 2-mercaptoethanol which is increased to reach totally to two to three chemical 
equivalent and a base which is increased to reach totally to one to two chemical equivalent tn alkaline pH to 
form the triol of formula (II). ^ 
9 A process of any one of claims 2 to 8 wherein the mineral acid is hydrochloric acid. 

10. A process of any one of claims 2 to 8 wherein the hydrolysing is carried out at a temperature of 0 

to 50 * C. , n 

11. The process of claim 8 wherein forming the diol of formula (IV) is carried out at a temperature of 0 

t0 5 ^2°A polythiourethane base resin comprising reacting a mercapto compound of the formula (I) 
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HSCH 2 CH 2 SCH2CHCH 2 SH (I) 
SCH 2 CH 2 SH 

s 

with at least one ester compound selected from the group consisting of polyisocyanate compounds, 
polyisothiocyanate compounds and isothiocyanate compounds having a isocyanato groups mM „ anin 
13 The resin of claim 12 wherein the mole ratio of said at least one ester compound to sa.d mercapto 
compound is from about 0.5 to about 3.0 moles of functional (NCO-NCS) groups per mole of functional 

"^The^ess for preparing the resin of claim 12 wherein the reaction is carried out by heating and 

CUnn i5. The process for preparing the resin of claim 13 wherein the reaction is carried out by heating and 

75 16. A plastic lens comprising reacting a mercapto compound of the formula (I) 

HSCH2CH 2 SCH 2 CHCH 2 SH (I) 
20 SCH 2 CH 2 SH 

with at least one ester compound selected from the group consisting of polyisocyanate compounds, 
polyisothiocyanate compounds and isothiocyanate compounds having a isocyanato 9™P*- merrflnto 
25 17 The lens of claim 16 wherein the mole ratio of said at least one ester compound to said mercapto 
compound is from about 0.5 to about 3.0 moles of functional (NCO + NCS) groups per mole of functional 

mercapto group^ ^ producjng a p|astjc |ens cornpr jsing mixing a mercapto compound of the formula (I) 



30 
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HSCH 2 SCH 2 CHCH 2 SH 
SCH 



with at least one ester compound selected from the group consisting of polyisocyanate compounds, 
polyisothiocyanate compounds and isothiocyanate compounds having a isocyanato groups to form a 
mixture; casting and polymerizing the mixture to form a plastic lens. 

,9 The process of claim 18 wherein the mole ratio of said at least one ester compound to sad 
<° mercap to compound is from about 0.5 to about 3.0 moles of functional (NCO-NCS) groups per mole of 

'""^Thr^sTc^m 18 comprising adding to said mixture at .east one compound selected ^ from 
the group consisting of internal mold release agents, chain extenders, crossl.nk.ng agents, tight stabilizers, 
ultraviolet absorbers, anti-oxidants. oil-soluble dyes and fillers. 
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